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(57) Abstract 

The invention provides a 
perforated nonwoven web fabri- 
cated from a bonded thermoplas- 
tic polymer web. The perforated 
nonwoven web contains a mul- 
titude of self-sustaining perfora- 
tions that are substantially free 
of melt-fused edges and can be 
characterized as stretch-opened 
perforations. The invention fur- 
ther provides a process for pro- 
ducing the perforated nonwoven 
web. 
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Perforated Nonwoven Fabrics 

5 BACKGROUND OF THE INVENTION 

The present invention is related to a perforated 
nonwoven fabric. More particularly, this invention is 
related* to* .a*- slit^per tor^tejcl, nonwoven, fabric, a£ : 
thermoplastic fibers. 

10 Perforated nonwoven fabrics have been utilized in 

disposable articles, such as diapers, sanitary napkins, 
incontinence products and disposable garments. For 
example, U.S. Patent 4,886,632 to Van Itan et al. discloses 
a sanitary napkin equipped with a facing layer of a 

15 perforated fluid permeable nonwoven web. The facing layer 
structurally contains the absorbent material of the napkin 
and protects the skin of the user from directly contacting 
the absorbent material. In addition, the facing layer is 
designed to rapidly transmit and keep body fluid away from 

20 the user's body. Such perforated nonwoven webs layers, 
which come in contact .with the skin of the user, need to 
provide cloth-like texture and feel as well as fluid 
transferring functionalities. 

One conventional method of forming perforated or 

25 apertured nonwoven webs is passing an unbonded fiber web 
through the nip formed by a set of intermeshing rolls which 
have three-dimensional projections to displace fibers away 
from the projections, forming apertures which conform to 
the outside contours of the base of the projections in the 

30 web. The apertured web is subsequently bonded to impart 
permanent physical integrity. This approach suffers from 
an inherent disadvantage in that the size and shape of the 
apertures strictly correspond to those of the projections 
on the intermeshing rolls, and thus different sets of 

35 intermeshing rolls are needed to produce perforated webs of 
different perforation sizes and shapes. Furthermore , the 
apertured unbonded web must be carefully subjected to a 
bonding process without disturbing the formed apertures. 
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Another conventional approach is to aperture nonwoven 
webs using an embossing roll assembly that physically 
punches a multitude of apertures in the webs* However, 
this approach also suffers from a number of disadvantages. 
Again , the size and shape of the apertures are strictly 
dependent on the size and shape of the raised points of the 
embossing rolls. In addition, the aperturing process 
wastes nonwoven fabrics by producing small pieces of" waste 
cutouts. The cutouts not only need to be thoroughly 
dislodged from the fabrics but also create collection and 
disposal problems. Moreover, the high pressure applied on 
the raised points of the embossing rolls, which is required 
to effect the apertures, quickly wears or abrades portions 
of the raised points, reducing the aperturing efficacy of 
the raised points and thus necessitates frequent servicing 
of the embossing rolls. Although the service life of the 
embossing rolls can be extended by heating the rolls to 
assist the aperturing process, the combination of heat and 
pressure tends to produce apertures having hard melt-fused 
edges. Such melt-fused apertures deleteriously affect the 
texture and flexibility of the nonwoven webs by creating 
stiff and sharp edges. 

Yet another approach is stretching a slitted unbonded 
or precursorily bonded nonwoven web containing adhesive 
fibers to open the slits and then heating the stretched web 
to melt or activate the adhesive fibers to form interfiber 
adhesion points throughout the web to permanently set the 
opened slits. This process requires the use of adhesive 
fibers and increases the complexity of the web production 
process. Moreover, the extent of stretch-opening of the 
slits in the web is severely limited in that the nonwoven 
web, which is stretched without being fully bonded, does 
not have enough physical integrity to tolerate high 
stretching tensions that are required to effect widely 
opened slits. 

There is a continuing need to provide a process for 
perforating or aperturing nonwoven webs that is highly 
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efficient, relatively simple and flexible to accommodate a 
wide range of needs for perforated nonwoven webs containing 
different sizes of apertures. 

5 SUMMARY OF THE INVENTION 

There is provided in accordance with the present 
invention a process for producing a perforated nonwoven web 
of a thermoplastic polymer having the step's" of slitting a 
bonded nonwoven web in a predetermined pattern; heating the 

10 web to a temperature between the softening temperature of 
the thermoplastic polymer and about the onset of melting at 
a liquid fraction of 5%; tensioning the web in at least one 
planar direction of the slitted nonwoven web while 
maintaining the temperature of the web to form apertures; 

15 and cooling the apertured web while maintaining the 
tension, wherein the perforation process imparts the 
apertures without melt-fusing the fibers at the edge of the 
apertures. The perforated nonwoven web produced from the 
present process contains a multitude of self-sustaining 

20 perforations that are substantially free of melt-fusion and 
are stretch-opened perforations. 

The perforated nonwoven webs of the present invention, 
which can be controlled to have non-fused perforations of 
different sizes and shapes, are highly useful for 

25 perforated layers of disposable articles. The non-fused 
perforations preserve the desirable texture and properties 
of the nonwoven web, making the perforated web highly 
useful in skin-contacting and fluid managing applications. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an exemplary process for 
producing the perforated nonwoven web that heats the slit 
nonwoven web in an oven and stretches the slit nonwoven web 
in the cross-machine direction. 
35 Figure 2 illustrates an exemplary process for 

producing the perforated nonwoven web that heats the slit 

3 
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nonwoven web by a conduction heating process and stretches 
the slit nonwoven web in the machine direction. 

Figures 3-6 illustrate exemplary slit patterns 
suitable for the present invention. 
5 Figure 7 is an exemplary stretch-opened perforation 

pattern. 

DETAILED DESCRIPTION" OF THE' INVENTION 

The present invention provides a process for producing 
10 perforated nonwoven webs of thermoplastic fibers. The 
process contains the steps of slitting a bonded nonwoven 
web in a predetermined pattern, heating the web to an 
appropriate temperature , tensioning the web in at least one 
planar direction to open the slits to form apertures, and 
15 cooling the web while maintaining the tension. The 
nonwoven web, in accordance with the present invention, is 
heated to a temperature between the softening temperature 
of the thermoplastic polymer and about the onset of melting 
at a liquid fraction of 5%. The softening temperature of 
20 a thermoplastic polymer can be determined in accordance 
with ASTM D-648 at 66 psi, the heat deflection temperature. 
The expression "onset of melting at a liquid fraction of 
5%" refers to a temperature which corresponds to a 
specified magnitude of phase change in a generally 
25 crystalline or semicrystalline polymer near its melt 
transition. The onset of melting, which is determined 
using Differential Scanning Calorimetry techniques, occurs 
at a temperature which is lower than the melt transition 
and is characterized by different ratios of liquid fraction 
30 to solid fraction in the polymer. As an example, a 
polypropylene fiber web is desirably heated to a 
temperature between 200 °F and about 3 00°F. It is to be 
noted that when a multicomponent conjugate fiber web is 
utilized, the fibers of the web need to be heated to a 
35 temperature in which at least one of the components, most 
desirably all of the components, of the fibers needs to be 
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at a temperature within the above-specified temperature 
criteria. 

A suitable bonded nonwoven web can be slit with any 
method known to be suitable for slitting nonwoven webs. 
For example, a rotary die or a stamping die equipped with 
cutting blades is highly suitable. The size, the shape and 
the pattern of arrangement of the cutting blades can be 
varied widely. In accordance witff the presents invent ibn , 
the slitting step of the present perforation process can be 
applied before or after the heating step. 

There can be more than one tensioning step in the 
perforation process, and the tensioning step of the 
perforation process can also be applied before and/or after 
the heating step provided that the bonded web is slit 
before the final tensioning step. It is to be noted that 
if the tensioning step is applied after the heating step, 
the temperature of the nonwoven web should be maintained to 
a temperature above the softening temperature of the web. 
Since the slit nonwoven web is a fully bonded web, the web 
exhibits a high physical integrity that can withstand the 
high tensioning force which is required to provide a highly 
and uniformly opened or perforated web even when the web is 
not preheated to facilitate the stretching process. It has 
been observed that when an unheated slit nonwoven web is 
tensioned, the web tends to increase its bulk as the slits 
open up, imparting an enhanced soft texture. 

As an alternative embodiment of the present invention, 
the slit web is heat treated to a temperature within the 
above-specified range before the tensioning force is 
applied since the slits of a heated web can be opened with 
a significantly less tensioning force and can be highly 
stretched to provide larger perforations. 

The slit nonwoven webs can be heated with any known 
heating processes suitable for nonwoven fabrics. Suitable 
heating processes include oven heating, infrared heating, 
conduction heating and through-air heating processes. Of 
these suitable heating processes, through-air heating 
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processes are particularly desirable in that these 
processes uniformly and rapidly heat treat nonwoven webs. 
Briefly described, a through-air heating process applies 
pressurized streams of heated air that pass through the 
5 nonwoven web r thereby uniformly and quickly heating the 
web. Although it may not be desirable for certain 
applications where bulky nonwovens are desired, the opened 
slits of a thermoplastic nonwoven web can be permanently 
set to a desired configuration by applying pressure, e.g., 

10 in the nip of calender rolls, in the absence of external 
heat to apply sufficient mechanical energy to set the 
perforations in the web. 

Turning to Figure 1 there is provided an exemplary 
process for producing the perforated nonwoven web of the 

15 present invention. A bonded nonwoven web 12 is supplied 
from a supply roll 14 to the nip formed by a slitting roll 
assembly 16, which contains a slitting roll 18 and a 
backing roll 20. Alternatively, the nonwoven web 12 can be 
formed directly in-line. The slitting roll 18 is equipped 

20 with a plurality of circumf erentially arranged spaced- 
apart blades, in which the tips of the blades make intimate 
contact with the surface of the backing roll 20 at the nip 
to make a pattern of slits in the web. The blades having 
a thin elongated tip are arranged to have their long axis 

25 circumferentially around the roll 18 to make slits in the 
direction, of advancement of the web. The slit web is then 
heated by passing the web through a heating device 22, 
e.g., an oven. The heated, slit web is stretched in the 
cross machine direction to open the slits. The stretching 

30 is performed, for example, by a tenter frame 24. The size 
and, to a limited degree, the shape of opening of the slits 
is controlled by the extent of stretching. The stretched 
nonwoven web is then cooled, i.e., cooled to a temperature 
below the softening temperature of the polymer, while 

35 retaining the tensioning force to permanently set the 
opened perforations. 
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Figure 2 illustrates another exemplary process which 
applies the tensioning force in the machine direction. A 
nonwoven web 3 2 is supplied through the nip formed by a 
slitting roll assembly 34 of a slitting roll 3 6 and a 
5 backing roll 38. Unlike the slitting roll of the above- 
described cross-machine direction stretching process, the 
long axis of the blades of the slitting roll 3 6 are 
paralleXTy alifnecT to thcT rotating axis erf the rolT ^S; 
The slit web is passed through a series of heating rolls 

10 40-50 to heat the web to a desired level. From the heating 
rolls, the heated web passes through the nip 52 formed by 
an S-roll arrangement 54 in a reverse-S path. The S-roll 
arrangement 54 contains a set of drive rolls 56-58. The 
peripheral linear speed of the drive rolls 56-58 is 

15 controlled to be faster than the linear speed of the 
heating rolls 4 0-50 to apply a machine direction tensioning 
force to open the slits in the web. The tensioned web is 
cooled while maintaining the tensioning force to set the 
opened-slit configuration. 

20 Although these exemplary processes are illustrated to 

have slits that are perpendicular to the tensioning 
direction, the angle formed between the long axis of the 
slits and the tensioning direction can be varied widely 
provided that the axis of the slits and the tensioning 

25 direction are not substantially parallel to each other so 
that the slits open to form perforations when the web is 
stretched. In addition, the shape and the size of the 
perforations can be changed and controlled by changing the 
direction and magnitude of the tensioning force. 

30 The size and shape of the slits in the nonwoven web 

can be varied widely by changing the size and the shape of 
the blades or the tips of the blades to provide different 
size and shape of perforations and to accommodate different 
applications and uses of the perforated webs. For example, 

35 the slits can be a multitude of straight lines or arcs. 
Additionally, the spacing between the blades can be varied 
to accommodate different needs and uses of the perforated 

7 
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webs. It is to be noted that the slits themselves can be 
small apertures when larger apertures or perforations are 
desired , although the disposal and fabric waste problems 
resulting from such configuration of silts make this 
5 approach not particularly desirable. In addition, the 
Pattern of the slits can be varied widely. For example, 
the slits can have a regularly repeating, random, or non- 
uniform pattern. Figures 3-6 illustrate exemplary slit 
patterns suitable for the invention. Figure 3 provides a 
10 non-overlapping slit pattern, and Figure 4 provides an 
overlapping slit pattern that has a smaller horizontal 
distance between the slits than the distance of the pattern 
in Figure 3. Figure 5 illustrates a slit pattern that has 
its slits aligned in a non-parallel fashion. Figure 6 
15 illustrates a symmetrical but non-uniform slit pattern 
which contains two different slit sizes. Figure 7 
illustrates a stretch-opened perforation pattern obtainable 
from the slit pattern of Figure 6. 

In accordance with the present invention, the heated 
slit nonwoven web can not only be subjected to a high 
tensioning force to open the slits but also be further 
tensioned to reduce the thickness of the web. 
Conseguently, the present perforation process can also be 
utilized to control the thickness of the perforated 
25 nonwoven web. 

Nonwoven fabrics suitable for the present invention 
are bonded thermoplastic fiber webs including melt- 
processed fiber webs, e.g., spunbond fiber webs and 
meltblown fiber webs; solution-processed fiber webs, e.g., 
30 solution sprayed fiber webs; needled fiber webs; 
hydroentangled fiber webs and carded staple fiber webs. 
The term "bonded" as used herein indicates having a 
multitude of permanent interfiber affixation points, which 
are created by thermal adhesion, mechanical entanglement 
35 or adhesive bonding, substantially uniformly distributed 
throughout the web so that the tensioning force to open the 
slits can be applied without pulling individual fibers 
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apart from the web. The term "spunbond fiber web" as used 
herein refers to a nonwoven fiber web of small diameter 
fibers that are formed by extruding a molten thermoplastic 
polymer as filaments from a plurality of capillaries of a 
5 spinneret. The extruded filaments are partially cooled and 
then rapidly drawn or simultaneously drawn and cooled by an 
eductive or other well-known drawing mechanism. The drawn 
filaments are deposited or laid onto v a forming surf ace inr 
a random, isotropic manner to form a loosely entangled 

10 fiber web, and then the laid fiber web is subjected to a 
bonding process to impart physical integrity and 
dimensional stability. Bonding processes suitable for 
spunbond fiber webs are well known in the art, which 
include calender bonding, needle punching, hydro entangling 

15 and ultrasonic bonding processes for homopolymer spunbond 
fiber webs and calender bonding, needle punching, 
hydroentangling, ultrasonic bonding and through air bonding 
processes for conjugate spunbond fiber webs. The 
production of spunbond webs is disclosed, for example, in 

20' U.S. Patents 4,340,563 to Appel et al. and 3,692,618 to 
Dorschner et al. Typically, spunbond fibers have an 
average diameter in excess of 10 fim and up to about 55 
or higher, although finer spunbond fibers can be produced. 
Spunbond fibers tend to have a higher degree of molecular 

25 orientation and thus a higher physical strength than other 
melt-processed fibers. The term "carded staple fiber web" 
refers to a nonwoven web that is formed from staple fibers. 
Staple fibers are produced with a conventional staple fiber 
forming process, which typically is similar to the spunbond 

3 0 fiber forming process, and then cut to a staple length. 
The staple fibers are subsequently carded and bonded to 
form a nonwoven web. The term "meltblown fiber web" 
indicates a fiber web formed by extruding a molten 
thermoplastic polymer through a spinneret containing a 

3 5 plurality of fine, usually circular, die capillaries as 
molten filaments or fibers into a high velocity gas stream 
which attenuates . or draws the filaments of molten 

9 
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thermoplastic polymer to reduce their diameter. In 
general, meltblown fibers have an average fiber diameter of 
up to about 10 /im. After the fibers are formed, they are 
carried by the high velocity gas stream and are deposited 
5 on a forming surface to form an autogenously bonded web of 
randomly dispersed, highly entangled meltblown microfibers. 
Such a process is disclosed, for example, in U.S. Patent 
3,849,241 to But in . Hie term *hydroen tangled web 1 * refers 
to a mechanically entangled nonwoven web of continuous 
10 fibers or staple fibers in which the fibers are 
mechanically entangled through the use of high velocity 
jets or curtains of water. Hydroentangled nonwoven webs 
are well known in the art, and, for example, disclosed in 
U.S. Patent 3,494,821 to Evans. 
15 Suitable fibers for the present nonwoven webs can be 

produced from any known fiber- forming thermoplastic 
polymer, including crystalline polymers, semicrystalline 
polymers and amorphous polymers, and suitable fibers can be 
monocomponent fibers or multicomponent conjugate fibers 
containing two or more polymer components of different 
thermoplastic polymers or of a thermoplastic polymer having 
different viscosities and/or molecular weights. Suitable 
thermoplastic fibers include polyolefins, polyamides, 
polyesters, acrylic polymers, polycarbonate, 
25 f luoropolymers , thermoplastic elastomers and blends and 
copolymers thereof. Polyolefins suitable for the present 
nonwoven web include polyethylenes, e.g., high density 
polyethylene, medium density polyethylene, low density 
polyethylene and linear low density polyethylene; 
30 polypropylenes, e.g., isotactic polypropylene and 
syndiotactic polypropylene ; polybutylenes , e.g., poly ( 1- 
butene) and poly (2-butene) ; polypentenes , e.g., poly(2- 
pentene) , and poly (4-methyl-l-pentene) ; polyvinyl acetate; 
polyvinyl chloride; polystyrene; and copolymers . thereof , 
3 5 e.g., ethylene-propylene copolymer; as well as blends 
thereof. of these, more desirable polyolefins are 
polypropylenes, polyethylenes and copolymers thereof; more 
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particularly, isotactic polypropylene, syndiotactic 
polypropylene, high density polyethylene, and linear low 
density polyethylene. Suitable polyamides include nylon 6, 
nylon 6/6, nylon 10, nylon 4/6, nylon 10/10, nylon 12, and 
5 hydrophilic polyamide copolymers such as copolymers of 
caprolactam and an alkylene oxide, e.g., ethylene oxide, 
and copolymers of hexamethylene adipamide and an alkylene 
oxide , as weXr* asr breitasr arocT -wpc^tywmr^tas&reo^ Suitable? 
polyesters include polyethylene terephthalate, polybutylene 

10 terephthalate, polycyclohexylenedimethylene terephthalate, 
and blends and copolymers thereof. Acrylic polymers and 
copolymers suitable for the present invention include 
polymethyl methacrylate, ethylene acrylic acid, ethylene 
methacrylic acid, ethylene methyl aery late, ethylene 

15 ethylacrylate, ethylene butylacrylate and blends thereof. 

The present nonwoven webs may additionally contain 
minor amounts of other fibers, e.g., natural fibers, filler 
fibers, bulking fibers and the like, and particulates, 
20 e.g., adsorbents, deodorants, carbon black, clay, germicide 
and the like. 

The perforated nonwoven webs of the present invention, 
which can be controlled to have non-fused perforations of 
different sizes and shapes, are highly useful for 

25 perforated layers of disposable articles. The perforated 
nonwoven webs are particularly suitable for fluid permeable 
layers that come in contact with the skin of the user since 
the perforated nonwoven webs do not contain fused edges 
that impart rough and sharp textures to the web and 

30 interfere with the flow of fluid. The perforated nonwoven 
web can be laminated to a nonwoven web or a film by any 
suitable means known in the art to form a composite that is 
highly suited for absorbent articles, such as diapers. 
Alternatively, the suitable nonwoven web can be laminated 

35 to other layers, such as a film or nonwoven web layer, to 
form a composite before the composite is subjected to the 
slit-perforating process of the present invention. An 

11 
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additional advantage of the present invention is that the 
perforation process provides a means for obtaining 
substantially uniformly shaped and sized perforations 
without the complications and difficulties of the prior art 
perforation processes, unless nonuniform perforations are 
desired which can be obtained using a slitting pattern 
having non-uniform sized blades. 

The following examples are provided for illustration 
purposes and the invention is not limited thereto. 



Examples: 
Example 1 

A 3.0 ounce per square yard (osy) conjugate fiber web 
was fabricated from linear low density polyethylene and 
15 polypropylene bicomponent conjugate fibers. The fibers had 
a round side-by-side configuration and a 1:1 weight ratio 
of the two component polymers. The bicomponent fiber web 
was produced with the process disclosed in European Patent 
Application o 586 924 to Kimberly-Clark Corp., which is 
incorporated herein by reference in its entirety. The 
bicomponent spinning die had a 0.6 mm spinhole diameter and 
a 6:1 l/D ratio. Linear low density polyethylene (LLDPE) , 
Aspun 6811A, which is available from Dow Chemical, was 
blended with 2 wt% of a TiO z concentrate containing 50 wt% 
of Ti0 2 and 50 wt% of polypropylene, and the mixture was fed 
into a first single screw extruder. Polypropylene, PD3445, 
which is available from Exxon, was blended with 2 wt% of 
the above-described Ti0 2 concentrate, and the mixture was 
fed into a second single screw extruder. The melt 
temperatures of the polymers fed into the spinning die were 
kept at 450 * F, and the spinhole throughput rate was 0.5 
gram/hole/minute. The bicomponent fibers exiting the 
spinning die were quenched by a flow of air having a flow 
rate of 45 SCFM/inch spinneret width and a temperature of 
35 65 °F. The quenching air was applied about 5 inches below 
the spinneret. The quenched fibers were drawn in the 
aspirating unit using a flow air heated to about 350 °F and 
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had a flow rate of about 19 ft /min/inch width- Then, the 
drawn, highly crimped fibers were deposited onto a 
foraminous forming surface with the assist of a vacuum flow 
to form an unbonded fiber web. The unbonded fiber webs was 
5 bonded by passing it through a through-air bonder. The 
bonder treated the fiber web with a flow of heated air 
having a temperature of about 270 °F and a flow rate of 
about 200 feet/mih. 

The bonded web was cooled and then slit with a rotary 

10 die having a slit pattern as illustrated in Figure 4. The 
rotary die contained regularly, radially placed blades that 
formed a 3 inch wide slit pattern, in which the length of 
each slit was 3/8 of an inch, the vertical distance between 
the successive slits was 1/4 of an inch, and the horizontal 

15 distance between columns of slits was 1/8 of an inch. The 
slit web was stretched in the direction which is 
perpendicular to the length of the slits until the width of 
the slit pattern attained 6.625 inches. The stretched web 
was securely clipped to an aluminum frame and placed in a 

20 convection oven which was kept at about 212 °F for 30 
seconds to set the opened perforations. The perforated web 
was removed from the oven and cooled to ambient 
temperature . 

The cooled perforated web contained permanently opened 
25 and self-sustaining circular perforations of an 
approximately equal size, and the perforations had a 
diameter of about 0.31 inches. The perforated web 
exhibited a soft cloth-like texture and the perforations 
did not contain any melt-fused edge. 

30 

Example 2 

An unbonded 0.6 osy bicomponent fiber web was produced 
in accordance with the procedures outlined in Example 1, 
except the fiber drawing air supplied to the aspirating 
3 5 unit was at ambient temperature. The web was point bonded 
by passing the web through the nip formed by an embossing 
roll and a smooth anvil roll. The embossing roll contained 
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regularly spaced oblong bond points and had a bond point 
density of about 3 4 points per cm 2 . Both of the rolls were 
heated to about 3 05°F and the pressure applied on the web 
was about 500 lbs/linear inch of width. 
5 The bonded web was slit and heat treated as in Example 

1, except the 3 inch slit pattern of the slit web was 
stretched to 5.375 inches and the stretched web was heat 
treated for 10 seconds. 

The cooled perforated web contained permanently opened 
10 perforations of an approximately same size ellipse having 
a 0.31 inch length and a 0.22 inch width. Again, the 
perforated web exhibited a soft cloth-like texture and the 
perforations did not contain any melt-fused edge* 

15 Example 3 

The 0.6 osy bonded nonwoven web of Example 2 was 
extrusion coated with LLDFE, Aspun 6811A, to form a film 
laminate. The film layer had a thickness of about 0.6 mil. 

20 The laminate was slit using a stamping die which had 

a blade pattern similar to the rotary die of Example 1. 
The stamping die contained a 1 inch wide regularly 
repeating pattern of slits in which the length of each slit 
was 1/8 of an inch, the vertical distance between the 

25 successive slits was 1/8 of an inch, and the horizontal 
distance between two slits was 1/8 of an inch. The slit 
web was stretched in the direction which is perpendicular 
to the length of the silts until the width of the slit 
pattern attained 1.24 inches. The stretched web was heat 

30 treated as in Example 2. 

The perforated laminate had self-sustaining elliptic 
holes, which had an about 0.13 inch length and an about 
0.03 inch width. 

3 5 Example 4 

An 1 osy point bonded carded web was prepared from 2.8 
denier polypropylene staple fibers, which are available 
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from Hercules. The fibers were carded on a foraminous 
forming wire and then bonded in accordance with the bonding 
procedure outlined in Example 1. The bonded carded web was 
slit with a stamping die similar to the die of Example 3. 
The stamping die contained a 3 inch-wide slit pattern in 
which the length of each blade was 3/8 of an inch and the 
vertical distance between the successive slits was 1/4 of 
an inch. The gilt* wetrwasf st rrebclre d unt ±fr the- w&dfch* « o# the* 
slit pattern reached 4 inches, and then the web was heat 
treated in accordance with Example 1. 

The heat treated web had permanently opened elliptic 
perforations having a length of about 0.34 inches and a 
width of about 0.08 inches. 

Example 5 

An 1 osy point bonded carded web containing 50 wt% 
polypropylene staple fibers and 50 wt% polyethylene 
terephthalate staple fibers was prepared. The 
polypropylene fibers were 2.8 denier fibers and obtained 
from Hercules, and the polyethylene terephthalate fibers 
were 6 denier fibers and obtained from Hoechst Celanese. 
The bonded web was prepared, slit and heat treated in 
accordance with Example 4, except the slit web was 
stretched until the slit pattern reached 5.4375 inches and 
the stretch web was heat treated at 250 °F for 15 seconds. 

The perforations in the heat treated and cooled web 
were, again, approximately same size ellipses having a 
length of about 0.34 inches and a width of about 0.19 
inches . 

Control 1 

A control sample specimen was prepared in accordance 
with Example 1. However, the 3 inch slit pattern of the 
slit web was stretched to about 7 inches. Then the 
stretching tension was released and the web was placed in 
ambient environment. 
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Upon releasing the tension, the opened 7 inch 
perforation pattern immediately closed to about 4.75 
inches. In 10 minutes the perforation pattern further 
relaxed to 3.75 inches, and each perforation attained an 
5 elliptic shape having a length of about 0.34 inches and a 
width of about 0.06. The stretch-opened perforations 
continuously relaxed and almost completely closed within 24 
hours . 

10 The perforation process of the present invention is an 

uncomplicated and flexible process that can be utilized to 
provide self-sustaining perforations in a bonded nonwoven 
web without deleteriously effecting the textural properties 
of the web. in addition, the perforation process is a 

15 flexible process that can easily vary the size and shape of 
the perforation pattern in the web to accommodate diverse 
uses of the perforated nonwoven webs. 
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What is claimed is: 

1. A process for producing a perforated nonwoven web of a 
thermoplastic polymer comprising the steps of slitting a 
bonded nonwoven web in a predetermined pattern, heating 

5 said web to a temperature between the softening temperature 
and about the onset of melting at a liquid fraction of 5% 
of said thermoplastic polymer, tensioning said web in at 
least one planar direction of" said web' to fbrm aperttires, 
and cooling the apertured web while maintaining the 
10 tension, wherein said perforation process imparts said 
apertures without melt-fusing the fibers at the edge of 
said apertures. 

2. The process for producing a perforated nonwoven web of 
claim 1 wherein said thermoplastic polymer is selected from 
the group consisting of polyolefins, polyamides, 
polyesters, acrylic polymers, polycarbonate, 

5 f luoropolymers, thermoplastic elastomers, and blends and 
copolymers thereof. 

3 . The process for producing a perforated nonwoven web of 
claim 1 wherein said thermoplastic polymer is a polyolefin 
polymer. 

4 . The process for producing a perforated nonwoven web of 
claim 1 wherein said nonwoven web is fabricated from 
multicomponent conjugate fibers. 

5. The process for producing a perforated nonwoven web of 
claim 1 wherein the slit web is heated with a heating 
process selected from the group consisting of oven heating, 
infrared heating, conduction heating and through-air 
heating processes. 

6. The process for producing a perforated nonwoven web of 
claim 1 wherein the slit web is heated with a through-air 
heating process. 

17 
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7. The process for producing a perforated nonwoven web of 
claim 1 wherein said predetermined slitting pattern is a 
regularly-spaced, repeating pattern of linear slits. 

8. The process for producing a perforated nonwoven web of 
claim 1 wherein said predetermined slitting pattern is 
effected by a slitting roll assembly comprising a slitting 
roll and a backing roll* 

9. The process for producing a perforated nonwoven web of 
claim 1 wherein the perforated web is further tensioned to 
reduce the thickness of said web. 

10. The process for producing a perforated nonwoven web of 
claim 1 wherein the tensioning step precedes the heating 
step. 

11. A perforated bonded nonwoven web comprising a 
thermoplastic polymer, said nonwoven web having a multitude 
of self-sustaining perforations, wherein the fibers of said 
nonwoven web at the edge of said perforations are 

5 substantially free of melt-fusion and said perforations are 
stretch-opened perforations. 

12. The perforated nonwoven web of claim 11 wherein said 
thermoplastic polymer is selected from the group consisting 
of polyolefins, polyamides, polyesters, acrylic polymers, 
polycarbonate, f luoropolymers , thermoplastic elastomers , 

5 and blends and copolymers thereof. 

13. The perforated nonwoven web of claim 11 wherein said 
thermoplastic polymer is a polyolefin polymer. 

14. The perforated nonwoven web of claim 11 wherein said 
nonwoven web is fabricated from multicomponent conjugate 
fibers. 

18 
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15. The perforated nonwoven web of claim 1 wherein said web 
have a perforation pattern of regularly-spaced, repeating 
perforations . 

16. The perforated nonwoven web of claim 1 wherein said web 
have a perforation pattern of non-unif ormly placed 
perforations . 

17. The perforated nonwoven web of claim 1 wherein said web 
have a perforation pattern comprising slits of different 
lengths and shapes. 
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